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(57) ABSTRACT

A fire resistant cable comprising a conductor and a sheath
surrounding the conductor, the cable i1s characterized 1n
further comprising:

a bedding filler arranged between the conductor and the
sheath and made of matenals providing fire resistance;
and,

a tunnel filler arranged between the conductor and the
sheath 1n the longitudinal direction of the cable, and
having a melting point lower than the combustion point

of the bedding filler.
14 Claims, 2 Drawing Sheets
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1
FIRE RESISTANT CABLE

RELATED APPLICATION

This application claims the benefit of priority from >
Korean Patent Application No. 10-2017-0088912, filed on

Jul. 13, 2017, the entirety of which 1s incorporated by
reference.

TECHNICAL FIELD 10

The present invention relates to a fire resistance cable, and
more particularly to a fire resistance cable that can maintain
the function of electrical conduction for a certain period of
time 1n case of a high-temperature fire such as a hydrocarbon

fire (HCF).

15

BACKGROUND ART

Norwegian Electrotechnical Committee (NEK) publishes 2©
a technical specification they accept. NEK TS 606 defines
the requirements for cables for offshore o1l & gas, ships and
ocean 1nstallations. The requirements 1nclude flame retar-
dance, fire resistance, content of halogen, smoke emaission,
oil and mud resistance, jet fire (JF) resistance and hydro- 2>
carbon fire (HCF) resistance. Moreover, they require the
tests according to IEC Standards or ISO Standards for the
defined items respectively.

Most of all, the HCF resistance 1s essential for the cables
for ocean plants dealing with massive fossil fuel because the 3Y
scale of possible fires 1s enormous. In the prior art, the cable
installed 1n a place where the risk of fire 1s high 1n industnal
sites 1s provided with thick fire-proof sheathes. However,
this solution 1s disadvantageous because 1t requires compli-
cated installation procedures, expensive cost, and large 3>
volume, and thus the 1nstallation 1s not flexible for different
places.

DISCLOSURE OF INVENTION
40

Technical Problem

Theretfore, the present mnvention aims to solve the above
problems and to provide a fire resistant cable, particularly a
HCF cable that can maintain the function of electrical 45
conduction for an extended period of time in case of a
high-temperature fire such as a hydrocarbon fire.

Technical Solution
50
To this end, the fire resistant cable according to the present
invention comprising a conductor and a sheath surrounding
the conductor, the cable 1s characterized in further compris-
Ing:

a bedding filler arranged between the conductor and the 55
sheath and made of materials providing fire resistance;
and,

a tunnel filler arranged between the conductor and the
sheath 1n the longitudinal direction of the cable, and
having a melting point lower than the combustion point 60
of the bedding filler.

The tunnel filler advantageously melts before the bedding

filler’s combustion so as to provide air tunnel in the cable.

In other words, the tunnel filler 1s able to make air tunnel
when 1t melts down before the bedding filler’s combustion. 65
In a preferred embodiment the present invention, the

tunnel filler 1s arranged on either side of the bedding filler or

2

embedded 1n the bedding filler. An insulator may be pro-
vided around the conductor for electrical insulation, and the
tunnel filler may be arranged between the insulator of the
conductor and the sheath.

In the fire resistant cable according to the present mnven-
tion, the tunnel filler functions as a normal sheath of the
conductor, but 1t melts down before the bedding filler’s
combustion when the temperature 1s increased by a fire, and
makes air tunnels to disperse heat and smoke penetrating the
cable. This improves the fire resistance properties of the
cable and extends the time period for the conductor to
maintain its functions.

In addition, the air tunnels formed after melting of the
tunnel filler at a high temperature provide space to receive
the expansion of the bedding filler when 1t expands by high
temperature, and thereby it 1s possible to prevent the
expanded bedding filler from pressing the conductor nside
and causing cracks in the outer side of the cable.

Preferably, the tunnel filler consists of a plurality of
strings, arranged more particularly as a layer all around the
conductor. The strings can be more preferably regularly
arranged all around the conductor. The tunnel filler, or more
particularly the plurality of strings, can be made from a
polyolefin, and preferably by extrusion of said polyolefin.
The polyolefin can be polypropylene and/or polyethylene.
Polypropylene can be a polypropylene block copolymer, and
more preferably a high crystallinity polypropylene block
copolymer (HCPP). Polyethylene can be selected among

low density polyethylene (LDPE) (with for example a
density from 0.910 to 0.925 g/cm’, according to ASTM

D1503), medium density polyethylene (MDPE) (with for
example a density from 0.926 to 0.940 g/cm’, according to
ASTM D1505), high density polyethylene (HDPE) (with for
example a density from 0.941 to 0.965 g/cm’, according to
ASTM D1305), and a mixture thereof. The strings consti-
tuting the tunnel filler can preferably have a diameter from
2.0 to 10.0 mm, and more preferably from 5.0 to 10.0 mm.

In another embodiment of the present invention, the
bedding filler 1s made of a composition comprising polymer
resin with fire resistant additive. In this case, the polymer
resin may be silicone resin, and the fire resistant additive
may be at least one of silica, mica powder and glass powder.
The bedding filler may be advantageously made of a cerami-
fiable compound which 1s changed to ceramic as the tem-
perature increases and forms a fire resistant barrier.

The fire resistant cable of the present invention may
include any elements of the conventional cables, for
example a shield for electromagnetic shuelding or a semi-
conductor for uniform spreading of an electric field may be
applied around the conductor. Additionally, the cable may be
configured as a multi-core cable comprising a plurality of
conductors electrically isolated from each other, and the
plurality of conductors may have a common insulator.

In the present invention, the tunnel filler may preferably
be arranged all around the conductor.

In other words, the tunnel filler has a substantially constant
thickness all around the conductor, to advantageously pro-
vide an optimized protection of the conductor.

The tunnel filler has more preferably a mechanical property
from 12 N/mm~ to 18 N/mm”.

In a preferred embodiment of the present invention, the
tunnel filler has a melting point which 1s below the com-
bustion point (or burning temperature) of the bedding filler.
More particularly, the tunnel filler has a melting point of at
least 1.5 times, and more preferable of at least 2 times,
smaller than the combustion point (or burning temperature)
of the bedding filler. The combustion point of the bedding
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filler can be inferior to the melting point of the bedding filler.
More particularly, when the bedding filler burns, it degrades
and decomposes before i1t can reach 1ts melting temperature.
For example, the tunnel filler can have a melting point of

150° C., and the bedding filler can have a burning tempera-
ture of 300° C.

Hereinatter, further features and functions of the present
invention are described i1n greater detail by exemplary
embodiments with reference to the accompanying drawings,
which are not itended to limit the scope of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a cross section of the fire resistant cable
according to one embodiment of the present invention;
FIG. 2 1llustrates a cross section of the fire resistant cable

according to another embodiment of the present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

FIG. 1 shows a cross section of the fire resistant cable
according to one embodiment of the present invention, the
fire resistant cable 100 comprising a conductor 105, an
imsulator 110 around the conductor 105, a semi-conductive
filler 115 and a shield 120 around the insulator 110, a
bedding filler 125 around them which 1s solidified 1n case of
a fire and providing fire resistance properties, and a tunnel
filler 130 arranged on 1nner side of the bedding filler 125. A
sheath 1335 1s arranged 1n the outmost layer.

The fire resistant cable 100 1s an electric cable to transmit
clectric power applied on the conductor 105, and can be used
in ocean 1nstallations or ships that operate oflfshore oil
drilling.

In particular, the conductor 105 consists of electrically
conducting wires, and configured to a stranded conductor of
several twisted wires or a single conductor. The conductor
105 1s made of conductive metal that 1s commonly copper.

The 1nsulator 110 surrounding the conductor 103 1s made
ol non-conductive materials and provides an electrical 1nsu-
lation for the conductor 105 against outside. The semi-
conductive filler 115 surrounding the insulator 110 make an
electrical field uniform. In other words, the semi-conductive
filler 115 uniformly spreads the distribution of electric flux
so that the dielectric breakdown 1s prevented. The semi-
conductive filler 115 can be made by extruding a semi-
conductive compound. The shield 120 surrounding the semi-
conductive filler 115 1s provided for shielding the intrusion
ol electromagnetic noise waves Irom outside, and config-
ured as a copper braid made of a mesh of twisted several
copper wires, or a spiral shield by copper wires, or an
aluminum wrap shield by an aluminum tape. The above
mentioned insulator 110, semi-conductive filler 115, or
shield 120 can be omitted or included as multiple layers 1n
any combination as necessary in the cable according to the
present invention such as the conventional electric cables, or
other elements commonly used for the conventional electric
cables can be also provided.

The bedding filler 125 forms a fire resistant barrier as it
becomes solidified 1n case of a fire. It can be made by
extruding a polymer resin compound. Advantageously, the
polymer resin 1s silicone resin, and fire resistant additive
such as silica, mica powder, and/or glass powder can be

added.
The bedding filler may have a combustion point of at least

300° C., and more preferably of at least 350° C. The
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4

combustion point of the bedding filler can be easily deter-
mined by a method well known 1n the art, such as by cone
calorimeter.

In one embodiment of the present invention, the bedding,
filler 125 may be formed by extruding halogen free fire
resistant compound. Advantageously, the bedding filler 1235
can be made of a ceramifiable compound which 1s changed
to ceramic as the temperature increases and provides a fire
resistant barrier. The ceramifiable compound can include
silicone elastomer (or silicone rubber) as well as calcium

carbonate (CaCQO,). The silicone-CaCO,; mixture can form
Wollastonite (CaS10,), Calcium Oxide (CaO), Larnite

(Ca,S10,), Calcite (CaCO,), Calcium Silicate (Ca,S10,),
Portlandite (Ca(OH),), S10, (Hexagonal), or S10, (Rhom-
bohedral) during 1ts combustion in high temperature. These
products remain as residues even at a high temperature
above 1000° C. and provide good insulation and fire resis-
tance properties.

The tunnel filler 130 arranged inside of the bedding filler
125 1s made of a material which melts at a temperature
below the combustion point of the bedding filler 125.
Advantageously, the tunnel filler 130 can be configured as a
plurality of strings extended 1n the longitudinal direction of
the cable, which are preferably made by extrusion of poly-
propylene or polyethylene. The tunnel filler 130 can have
any numbers, shapes, or arrangements optionally selected as
required, and 1s not limited to any specific examples.

The tunnel filler may have a melting point of at most 150°
C., and more preferably of at most 120° C. The melting point
of the tunnel filler can be easily determined by a method well
known 1n the art, such as by DSC (Diflerential Scanming
calorimeter).

As stated above, the tunnel filler 130 melts at a tempera-
ture lower than the temperature at which the bedding filler
125 combust. In other words, the melting point of the tunnel
filler 130 1s lower than the combustion point of the bedding
filler 125. Thus, as the temperature of the cable 100 1is
increasing in case of a fire, the tunnel filler 130 reaches the
melting point and melts before the bedding filler 125 com-
busts, and thereby forms communicated tunnels in the
longitudinal direction of the cable in the spaces which the
tunnel filler 130 have occupied. The longitudinal tunnels
aiter melting of the tunnel filler 130, 1.e. air tunnels provide
passages to disperse heat and smoke penetrating the cable
locally and thereby improves the fire resistance properties of
the cable.

Moreover, the bedding filler 1235 tends to expand when it
1s solidified or changed to ceramic as the temperature
increases in case ol a fire and the expanded bedding filler
125 can press the conductor inside or cause cracks in the
outer side of the cable. However, 1n the cable according to
the present invention, the air tunnels formed after melting of
the tunnel filler 130 at a high temperature provide space to
receive the expansion of the bedding filler 125 and thus can
remove the pressure applied on the conductor and prevent
cracks of the cable.

Although the air tunnels can improve the fire resistance
properties of the cable in case of a fire, 1f they are produced
when the cable 1s manufactured, the cable will have an
inherent risk of intrusion of hazardous gas or materials and
migration of the gas or maternals through the air tunnels in
normal use 1n hazardous areas. However, 1n the fire resistant
cable according to the present invention, the tunnel filler 130
does not allow any migration of hazardous gas or materials
in normal use since 1t fills the cable and functions as a sheath
in normal use, and only produces air tunnels by melting 1n
a high temperature 1n case of a fire.
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The sheath 135 surrounding the bedding filler 125 1s
arranged 1n the outmost layer to protect the cable from
impact or contamination of outside and to insulate the cable.
The sheath 135 can be made of cross-linked polyolefin
(XLPO), halogen tree polyolefin (HFPO), or the like.

FIG. 2 shows a variant embodiment of the present inven-
tion, which 1s the same as that of FIG. 1 except that the
tunnel filler 130 1s embedded in the bedding filler 125.
Identical reference numerals are used for identical compo-
nents 1n the embodiment FIG. 2. In the embodiment of FIG.
2, the tunnel filler 130 melts 1n case of a fire and makes air
tunnels for dispersing heat and smoke 1n the same manner.

The configurations of the cable 100 illustrated 1n the
figures are to present examples of the present invention and
not to limit the present invention 1n any way. If the bedding
filler 125 and the tunnel filler 130 are arranged between the
conductor 105 and the sheath 135, the other components
such as the insulator 110, the semi-conductive filler 115 and
the shield 120 can be omitted or included as multiple layers
in any combination as necessary in the cable, or other
clements commonly used for the conventional electric
cables can be also provided.

In addition, although the cable 100 illustrated in the
figures 1s a single-core cable with one conductor 105, the
cable may be configured as a multi-core cable comprising a
plurality of conductors electrically 1solated from each other,
wherein each of the conductors may have an insulator, a
semi-conductive filler, or a shield respectively.

The table 1 below shows the result of tests for the duration
ol the maintenance of the function of cables without electric
breakdown or short circuit in case of a hydrocarbon fire

(HCF). Cables 2 to 4 use silicon elastomer for a bedding
filler, the silicon elastomer being for example the reference
HR-7027U commercialized by HRS. Cable 3 uses polypro-
pyvlene (PP) for a tunnel filler, the polypropylene being for
example the reference YUHWA POLYPRO CB2203 com-
mercialized by Korea Petrochemical Ind. Cable 4 uses
polyethylene (PE) for a tunnel filler, the polyethylene being
for example the reference CHNA-8380L commercialized by
the Hanwha Chemical. The tunnel filler of Cable 3 and 4 are
a plurality of strings forming a layer all around the cable’s
conductor, each string having a diameter around 8 mm. A
conventional cable (Cable 1) 1s also tested for comparison.

TABLE 1
Cable 3 Cable 4
(bedding (bedding
Cable 1 Cable 2 filler + filler +
(conventional (bedding PP tunnel PE tunnel
cable) filler) filler) filler)
Time 18 22:06 28:45 37:55
(mm:sec)

As shown 1n the table 1, the cables according to the
present invention increase the duration of the maintenance
of the function of cable in case of a HCF by 58% when PP
tunnel filler 1s used (Cable 3) and even by 110% when PE
tunnel filler 1s used (Cable 4), compared to the conventional
cable (Cable 1).

The above test result clearly demonstrates that not only
the bedding filler forms a fire resistant barrier as 1t 1s
changed to ceramic when 1ts temperature increases, but also
the tunnel filler significantly improves the fire resistant
properties by providing air tunnels for dispersing heat and
smoke after melting as 1ts temperature increases.
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Although a few exemplary embodiments have been
shown and described, 1t would be appreciated by those
skilled 1n the art that changes may be made in these
exemplary embodiments without departing from the prin-
ciples and spirit of the disclosure, the scope of which 1s
defined 1n the claims and their equivalents.

REFERENCES

100 Cable

105 Conductor

110 Insulator

115 Semi-conductive filler
120 Shield

125 Bedding filler
130 Tunnel filler

The mvention claimed 1s:

1. A fire resistant cable comprising:

a conductor and a sheath surrounding the conductor;

a bedding filler arranged between the conductor and the
sheath and made of materials providing fire resis-
tance; and

a tunnel filler arranged between the conductor and the
sheath 1n the longitudinal direction of the cable, and
having a melting point lower than the combustion
point of the bedding filler, wherein the tunnel filler 1s
made of a plurality of strings,

wherein the tunnel filler has a melting point of at least 1.5

times smaller than the combustion point of the bedding

filler.

2. The fire resistant cable according to claim 1, wherein
the tunnel filler 1s arranged on either side of the bedding
filler or embedded 1n the bedding filler.

3. The fire resistant cable according to claim 1, wherein an
insulator 1s provided around the conductor for electrical
insulation.

4. The fire resistant cable according to claim 3, wherein
the tunnel filler 1s arranged between the insulator of the
conductor and the sheath.

5. The fire resistant cable according to claim 3, wherein
the 1nsulator 1s surrounded by a semi-conductive filler and
by a shield.

6. The fire resistant cable according to claim 5, wherein
the tunnel filler 1s arranged between the shield of the
conductor and the sheath.

7. The fire resistant cable according to claim 1, wherein
the tunnel filler 1s made by extrusion of polypropylene or
polyethylene.

8. The fire resistant cable according claim 1, wherein the
bedding filler 1s made of a composition comprising polymer
resin and {ire resistant additive.

9. The fire resistant cable according to claim 8, wherein
the polymer resin 1s silicone resin.

10. The cable fire resistant cable according to claim 8,
wherein the fire resistant additive 1s at least one of silica,
mica powder and glass powder.

11. The fire resistant cable according to claim 1, wherein
the bedding filler 1s made of ceramifiable compound which
1s changed to ceramic as the temperature increases and
becomes a fire resistant barrier.

12. The fire resistant cable according to claim 1, wherein
the conductor 1s configured to a plurality of conductors that
are electrically 1solated from each other, and the plurality of
conductors has a common insulator.

13. The fire resistant cable according to claim 1, wherein
the tunnel filler melts before the bedding filler’s combustion
so as to provide air tunnel 1n the cable.
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14. The fire resistant cable according to claim 1, wherein
the tunnel filler 1s arranged all around the conductor.
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